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Abstract
The strength of the Zeeman splitting induced by an applied magnetic field is an important
factor for the realization of spin-resolved transport in mesoscopic devices. We measure the Zeeman
splitting for a quantum point contact etched into a Ga0.25In0.75As quantum well, with the field
oriented parallel to the transport direction. We observe an enhancement of the Lande´ g-factor
from |g∗| = 3.8 ± 0.2 for the third subband to |g∗| = 5.8 ± 0.6 for the first subband, six times
larger than in GaAs. We report subband spacings in excess of 10 meV, which facilitates quantum
transport at higher temperatures.
PACS numbers: 73.21.Hb, 71.70.Ej, 85.75.-d
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The control of a charge carrier’s spin is typically achieved using an applied magnetic field,
and provides an extra degree of freedom that can be utilized for device functionalities such
as spintronics, quantum information, etc.1,2,3,4 In semiconductor devices, the field B breaks
the degeneracy of the two spin states via the Zeeman effect, resulting in spin-polarized
transport, where a particular spin orientation dominates the electrical conductance of the
device.1,2 The Zeeman spin-splitting is given by ∆Ez = g
∗µBB, where g
∗ is the effective
Lande´ g-factor and µB is the Bohr magneton. Since the strength of the spin-splitting is
governed by g∗, narrow band-gap materials with a large g-factor such as GaInAs or InAs
are highly desirable in the quest to develop electronic devices that require only the smallest
magnetic fields to achieve spin-functional operations.
The small band-gap in the GaxIn1−xAs material system makes a large g-factor possible
due to mixing of the conduction band electron states with valence band states. For example,
in GaInAs quantum wells, g-factors ranging from 2.9 to 4.4 have been measured5,6,7,8 – an
order of magnitude larger than in equivalent GaAs quantum wells.6,9 It is thus interesting to
know how the g-factor in lower-dimensional structures will behave, because the additional
confinement alters the coupling between the conduction and valence bands. In both n-type
and p-type GaAs quantum point contacts (QPCs), the confinement of electrons to a quasi-
one-dimensional (quasi-1D) system can lead to an enhancement of |g∗| by as much as a
factor of two over its 2D value, with the enhancement increasing as the 1D confinement
is strengthened.10,11,12,13 Unexpectedly, the only measurement to date of the g-factor in a
GaInAs QPC8 gave |g∗| ≈ 4 in the 1D limit, showing no clear enhancement over the value
of |g∗| obtained in the 2D reservoirs adjacent to the QPC.8
In this letter, we use parallel field measurements (oriented in the plane of the quantum
well along the QPC) to study how the strength of the 1D confinement affects the spin-
splitting in an etched Ga0.25In0.75As QPC. In contrast to the measurements obtained using
perpendicular fields by Scha¨pers et al.,8 we observe a clear enhancement of the g-factor in
the 1D limit of our device. Our result is consistent with the 1D enhancement observed
in GaAs QPCs, which was also measured using parallel field techniques.10,11,12,13 The key
difference between our measurements and those of Reference 8 is the field direction, and we
use this to explain why 1D g-factor enhancement was not observed in their study.
Our QPC is etched into a GaInAs/InP modulation-doped heterostructure, where a 2D
electron gas (2DEG) is confined to a 9 nm thick Ga0.25In0.75As quantum well.
14,15 The
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QPC investigated is ∼160 nm long and ∼120 nm wide, and fabricated on a Hall bar mesa
featuring NiGeAu Ohmic contacts. A Ti/Au top-gate, deposited uniformly over the mesa,
is used to tune the Fermi energy EF and thus change the number of occupied subbands n in
the QPC. All measurements were performed in a 4He cryostat with a base temperature of
1.3 K. Standard four-probe and lock-in amplification techniques were used to measure the
differential conductance G = dI/dV through the QPC at a frequency of 17 Hz and constant
excitation voltage of 100 µV (300 µV for source-drain biasing). The 2D carrier density and
mobility were 5.6–6.8×1011 cm−2 and 1.3–2.2×105 cm2/Vs respectively within the range of
applied gate voltages presented here (−6.0 to 1.5 V). Our 2D density and mobility, gallium
fraction x = 0.25, and quantum well width are very similar to the values reported in Ref. 8.
The blue line in Figure 1(b) shows the conductanceG of the QPC atB = 0, demonstrating
clear plateaux as a function of gate voltage Vg. The plateaux are a consequence of the 1D
confinement in the QPC, where each occupied subband contributes 2e2/h to the conductance.
An in-plane magnetic field B‖ was applied parallel to the direction of transport in the
QPC to induce Zeeman splitting. At B‖ = 10 T, the spin-degeneracy is lifted (red line in
Fig. 1(b)) and the conductance is quantized in units e2/h. The evolution of the spin splitting
with applied magnetic field is shown in Fig. 1(a), where the transconductance dG/dVg is
plotted as a function of the gate voltage and magnetic field. The light regions mark the 1D
subband edges, corresponding to the rises between conductance plateaux where dG/dVg is
maximum. The spin-splitting ∆Ez increases with applied magnetic field, which is observed
as an increasingly large splitting δVg between the bright regions in Fig. 1(a).
Unfortunately, the splitting ∆Ez cannot be obtained directly from Fig. 1(a), which only
gives δVg. To calculate the g-factor, it is necessary to convert δVg into the subband en-
ergy scale, which is achieved by measuring the splitting in gate voltage due to an applied
d.c. source-drain bias Vsd. We do this using the method developed by Patel et al.
10 that
combines measurements of the splitting due to the field δVg/δB‖ (Fig. 1(a)) with measure-
ments of the splitting due the source-drain bias δVg/δVsd to give the absolute value of the
g-factor:
|g∗| =
1
µB
d(∆Ez)
dB‖
=
1
µB
d(∆Ez)
dVg
dVg
dB‖
=
e
µB
δVsd
δVg
δVg
δB‖
(1)
The source-drain bias measurements are shown in Fig. 2, where the transconductance
dG/dVg is plotted as a function of Vg and Vsd at B‖ = 0 (data have been corrected for
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the d.c. bias dropped across the series resistance). Similar to Fig. 1(a), the light regions
correspond to the transitions between 1D subbands (large dG/dVg), marking the 1D subband
edges. As the applied bias Vsd is increased, the subband transitions (light regions) split in
gate voltage by δVg, and conductance plateaux at half-integer 2e
2/h appear between the
split transitions.16,17 Since the splitting δVg is directly proportional to eVsd, the energy
scales associated with δVg in Fig. 2 are obtained by calculating eδVsd/δVg.
16,17
The transconductance maxima in Fig. 2 cross when the applied source-drain bias is equal
to the subband spacing: ∆En,n+1 = eVsd,
16,17 allowing the subband spacing to be directly
extracted from Fig. 2. Values of ∆En,n+1 calculated from these crossing points are listed in
Table I and exceed 10 meV. The subband spacings are consistent with those obtained using
magnetic depopulation measurements,15 and are double the spacings measured for etched
In0.47Ga0.53As quantum wires with InAlAs barriers.
18 In Refs. 16 and 17 the ‘0.7 feature’
evolves into plateaux with G ≃ 0.85(2e2/h) at finite source-drain bias. In Fig. 2, we observe
similar ‘shoulder’ plateaux with G ≃ 0.8(2e2/h), despite there being no clear 0.7 feature at
Vsd = 0. Oscillatory structure is also observed on the conductance plateaux in Fig. 2, which
has recently been linked to standing waves in the QPC19 and will be discussed elsewhere.
The Zeeman energies ∆Ez and g-factors are calculated using Equation (1) and the data
extracted from Figs. 1 and 2. The splitting rates δVg/δB‖ and eδVsd/δVg are listed in Table I.
The Zeeman splitting of the 1D subbands ∆Ez is plotted against B‖ in the inset of Fig. 3,
demonstrating a linear relationship for B‖ & 3 T where the subband transitions are clearly
resolved. Although the linear fits for the first two subbands do not extrapolate to zero at
B‖ = 0 (due to the presence of the 0.7 feature and its analog at 1.7), still the g-factor can
be extracted for each subband using Eq. (1).10,11 The values of |g∗| are plotted as a function
of n in Fig. 3. For the n = 2 and n = 3 subbands, we find that |g∗| falls within the range
previously reported for 2D GaxIn1−xAs systems.
5,6,7,8 However, in contrast with Ref. 8, we
obtain |g∗| = 5.8 ± 0.6 for n = 1, confirming the presence of a 1D enhancement in our
Ga0.25In0.75As QPC.
In Ref. 8, the Zeeman splitting was measured with fields 3 T ≤ B⊥ ≤ 8 T applied per-
pendicular, rather than parallel, to the quantum well. This produces magnetic confinement
due to Landau quantization that adds to the QPC’s electrostatic confinement. Ref. 8 re-
ports 1D subband spacings that are smaller than the Landau level spacing for these fields.8
This is a non-physical result, since the addition of 1D confinement to a 2D system in a
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perpendicular field cannot decrease the energy level spacing. For example, the 1D subband
spacing is reported to be only 8.4 meV at B⊥ = 4 T when the 2D Landau level spacing is
already 11.9 meV.8 Thus we suggest that the value of |g∗| reported in Ref. 8 has been un-
derestimated, which explains why no enhancement was observed. In contrast, our data are
obtained with an in-plane magnetic field in the absence of Landau quantization. Our mea-
surements show an enhancement of the g-factor as the QPC becomes more one-dimensional
in agreement with previous results in 1D GaAs systems.10,11,12,13
In summary, we have demonstrated that 1D confinement in a narrow-gap semiconductor
such as GaInAs can result in a significant enhancement of the Zeeman splitting. Although
the enhancement in |g∗| is consistent with the trend observed in GaAs QPCs,10,11,12,13 the
magnitude of |g∗| measured for GaInAs QPCs is six times greater. Additionally, the subband
spacing in our devices is quite large.15 Combined, the large g-factors and subband spacings
found in etched GaInAs QPCs make them suitable for applications requiring spin-sensitivity
at higher temperatures and with small magnetic fields.
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TABLE I: Subband-dependent parameters of the QPC: subband spacing ∆En,n+1, subband split-
ting rates δVg/δB‖ and eδVsd/δVg, and effective Lande´ g-factor |g
∗|.
Parameter n = 1 n = 2 n = 3
∆En,n+1 (meV) 13.1 ± 0.5 11.1 ± 0.5 9.9± 0.5
δVg/δB‖ (V/T) 0.029 ± 0.003 0.0371 ± 0.0015 0.0500 ± 0.0015
eδVsd/δVg (meV/V) 11.6 ± 0.6 6.4± 0.3 4.4± 0.2
|g∗| - - 5.8 ± 0.6 4.1± 0.3 3.8± 0.2
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FIG. 1: (Color online) Zeeman splitting for the first three subbands of the QPC. (a) Transcon-
ductance dG/dVg as a function of gate voltage Vg (horizontal axis) and magnetic field B‖ (vertical
axis). Regions of yellow and red correspond to a large amplitude of dG/dVg , indicating the loca-
tions of subband transitions. (b) Conductance G vs gate voltage Vg for B‖ = 0 T (thick blue line)
and 10 T (thin red line). Dashed lines in (a) indicate the region of the plot corresponding to the
colored traces in (b).
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FIG. 2: (Color online) Transconductance dG/dVg plotted as a function of gate voltage Vg (horizon-
tal axis) and source-drain bias Vsd (vertical axis) at B‖ = 0. Regions of yellow and red correspond
to a large amplitude of dG/dVg , indicating the locations of subband transitions. The conductance
G is labeled on each plateau in units of 2e2/h. Arrows indicate the G ≃ 0.8(2e2/h) plateaux that
are linked to the 0.7 feature.16,17 The blue dashed line indicates the region of the plot that is
equivalent to the blue trace in Fig. 1(b).
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FIG. 3: Effective Lande´ g-factor |g∗| in the QPC as a function of 1D subband index n. Dashed
lines bound the range of |g∗| previously measured for 2D GaxIn1−xAs systems.
5,6,7,8 Inset: Zeeman
splitting ∆Ez plotted vs magnetic field B‖. Linear fits are calculated between 3 T < B‖ ≤ 10 T
and are then extrapolated to B‖ = 0.
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